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N-heterocyclic carbenes (NHCs) have gathered much interest over the years due 
to their widespread application in organometallic chemistry. Also, caffeine-based 
gold(I) NHC complexes have recently shown good potential as anticancer agents. 
This project focuses on the synthesis and characterization of caffeine-based 
carbene precursors with different N-substituents, as well as palladium(II) 
complexes of the caffeine-derived NHC. We also explored the synthesis of trans-
[PdBr2(
i
Pr2-bimy)(L)] complexes (L = secondary amine) as part of the efforts to 
evaluate the correlation the donor strengths donor strength of the co-ligand and 
the 
13
C NMR chemical shift of 
i
Pr2-bimy carbene signal in trans-[PdBr2(
 i
Pr2-
bimy)(L)] complexes. The results are presented in Chapter 2 and 3 of this thesis.  
 
The synthesis of caffeine-based carbene precursors was targeted, by reacting 
caffeine with various alkyl halides of different electrophilic strengths. Caffeine 





Following this, to evaluate the nucleophilicity of caffeine and related compounds, 





diisopropylbenzimidazolin-2-ylidene; 2, L = caffeine; 3, L = Bn-xant; 4, L = 
i
Pr-
xant) were synthesized. The 
13
Ccarbene signal for these compounds gave rise to the 
conclusion that caffeine and its benzyl-substituted derivative have similar 
nucleophilicity, while the isopropyl analogue is slightly more nucleophilic due to 
the +I effect of the isopropyl group. In the preparation of trans-[PdBr2(
i
Pr2-




bimy)(1)] (5a), halide scrambling was encountered, due to the presence of 
different anions in the one-pot reaction mixture. This was further made more 
complicated by the formation of additional chlorido complexes, due to the 
presence of chloride found in the deuterated solvent CDCl3 used during routine 
NMR data collection. The monocarbene complex trans-[PdI2(CH3CN)(1)] (6) was 





acetonitrile as the solvent, in an attempt to prepare the homo-bis(NHC) complex 
trans-[PdI2(1)2].  
 
Chapter 3 presents the extension of Huynh’s group electronic parameter (HEP) to 
secondary amines. The donor strengths of seven secondary amines have been 
determined, by making use of the interdependence of the donor strength of the co-
ligand and the 
13
C NMR chemical shift of 
i
Pr2-bimy carbene signal in trans-
[PdBr2(
i




C NMR spectroscopy. A more basic amine is anticipated to be a stronger 
ligand, and will in turn cause a more downfield shift in the 
13
C NMR shift of the 
carbene signal. A linear correlation (R
2
 = 0.8079) exists between the 
13
C NMR 
shift of the Ccarbene and the pKb values of the coordinated amines. For future work, 
more secondary amines could be explored, so as to gather more data points and to 
strengthen the correlation between the two parameters. 
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1.1. Definition of carbene 
Carbenes are a class of compounds, which have the general formula :CRR’. The 
carbon atom contains a pair of nonbonding electrons and is bonded to two 
univalent groups of any kind or a divalent group through covalent bonds. The 
simplest carbene possible is the methylene molecule :CH2, whereby the divalent 
carbon has 6 valence electrons.   
 
 
Figure 1.1. Singlet and triplet forms of a carbene with different geometries. 
  
The geometry around the carbene carbon can be different, depending on the 
degree of hybridization. Most carbenes contain a sp
2
-hybridized carbon center, 
hence the bent geometry is frequently adopted. The sp
2
-hybridized carbon center 
of a free carbene may have either singlet or triplet electronic configuration. In the 
singlet state, the two nonbonding electrons of the carbon center are paired up, 
which leads to a total spin of zero and multiplicity of one. On the other hand for 
the triplet state, there is one electron in each of the sp
2
 (or σ) and pπ orbitals, 




giving it a total spin of one and multiplicity of three. When the carbene carbon is 
sp-hybridized, the linear geometry is adopted. In this geometry, the carbene can 
only be obtained in the triplet state (Figure 1).
1
 The ground-state spin multiplicity 
of the carbene carbon affects the properties and reactivities of the molecule. The 
spin multiplicity, in turn, depends on the energy gap between the sp-hybrid orbital 
and the p orbital.
2
 Carbenes are also known to contain both nucleophilic and 
electrophilic character, due to the presence of lone pair of electrons and/or empty 
p orbitals. 
 
1.2. N-heterocyclic Carbenes 
N-heterocyclic carbenes (NHCs) belong to a unique class of carbenes, whereby 
the carbene carbon atom is incorporated into a heterocyclic ring containing at 
least one nitrogen atom. The nitrogen atoms “push” their lone pair electrons 
towards the empty p orbital of the carbene carbon atom by the positive mesomeric 
effect (+M). At the same time, these electronegative atoms also draw electrons 
away from the carbene center through the negative inductive effect (–I). The two 
forces work simultaneously to create the so-called “push-pull effect”. This effect 
is more pronounced in the bent singlet ground state carbene, and as a result, this 
type of carbene is more stabilized due to larger energy gap between pπ and σ 








Figure 1.2. Representative electronic interactions and resonance structures of 
NHCs. 
  
In 1991, Arduengo et al. isolated the first free NHC by deprotonating an 
imidazolium salt using NaH with a catalytic amount of DMSO in THF (Scheme 
1.2).
3
 The two N-adamantyl groups provided steric stability. The electronic 
stabilization of the carbene was mainly brought about by the delocalization of the 
electrons in the five-membered ring system. 
 
 
Scheme 1.1. Synthesis of the first free NHC by Arduengo. 
 
Following this feat, there has been a surge in interest in the field of NHCs.
4
 
Among the large number of NHCs studied, imidazolin-2-ylidene, benzimidazolin-
2-ylidene and imidazolidin-2-ylidene received the most attention (Figure 1.3). 





Figure 1.3. Three major types of NHCs. 
 
1.3. N-heterocyclic carbene complexes 
NHC complexes have become very popular because of their diverse applications 
in various fields such as catalysis and in medicine.
5
 Wanzlick was known to be 
the first chemist, who isolated an NHC complex by treating 1,3-






Scheme 1.2. Synthesis of the first NHC metal complex by Wanzlick. 
  
The methodology of deprotonation of an azolium salt as an NHC precursor was 
employed to prepare the desired complexes. This is a straightforward route to 
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synthesize NHC complexes, which at the same time, also eliminates the handling 
of unstable free carbenes.  
 
Lin et al. developed an alternative approach to synthesize NHC complexes, 
whereby the transmetallation approach was adopted via the use of a silver carbene 
complex.
7
 This method uses silver
I
 oxide to deprotonate azolium salts, giving rise 
to NHC silver complexes. The NHC ligands are then transferred to other metals, 





1.4. Caffeine as a N-heterocyclic carbene 
Pure anhydrous caffeine (Figure 1.3, Chemical formula: C8H10N4O2; IUPAC 
name: 1,3,7-Trimethylpurine-2,6-dione; Molar mass: 194.19 g/mol) is a white 
odorless crystalline solid with a melting point of 235-238 °C. This compound is 
weakly basic, with a pKa value of about 0.6, and therefore requires a strong acid 
to protonate it.
9
 Caffeine is commonly used as performance enhancer, because it 
stimulates the body’s metabolic rate, which in turn gives a person a heightened 
sense of alertness and a perceived boost in energy levels. The compound also has 
applications in medicine, where it is e.g. used to treat orthostatic hypotension
10
 
and also bronchopulmonary dysplasia
11
 in premature infants. 
 





Figure 1.4. Chemical structure of caffeine. 
 
Caffeine belongs to the methylxanthine class of compounds. The presence of the 
methylimidazole moiety in its structure makes it an ideal and natural precursor 
candidate for an N-heterocyclic carbene.
12
 As an example, Casini et al. reported 





Scheme 1.3. Synthesis of a caffeine-based Au(I) complex. 
 
The procedure consisted of deprotonation of the iodide salt of the methylated 
caffeine to produce the free carbene, which then reacted with [AuCl(tht)] to afford 
the target complex (Scheme 1.3). 
 
In this project, besides investigating the nucleophilicity of caffeine and its related 
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1.5. Tolman’s Electronic Parameter 
The Tolman electronic parameter (TEP) is a measure of the electron donating or 
withdrawing ability of a ligand. This method was developed and named after 
Chadwick A. Tolman.
14
 In his work, the electric effects of various PR3 ligands 
can be adjusted by changing the R group. The electronic effect is monitored by 
comparing the (CO) frequencies of a series of complexes of the type 
[Ni(CO)3PR3]. A phosphine with stronger donor ability increases the electronic 
density on the nickel(0) metal center, which in turn transfers some of this electron 
density to the carbonyl CO ligand via backdonation. This therefore causes the 
(CO) frequency to decrease.15 
 
Table 1.1. TEP for selected phosphines
15
 








Tolman has been very successful in building a database for a huge range of 
phosphines, of which only a small selection is depicted in Table 1.1. His work, 
however, could not be extended to many other classes of ligands. The electronic 




parameter of such compounds would have to be predicted computationally or by 
other means, making a direct comparison impossible. 
 
For the TEP determination, due care needs to be exercised in handling the very 
toxic [Ni(CO)4] precursor. Also the spectral resolution of infrared spectroscopy is 
only to >3–4 cm-1 at best, which can pose limitations, particularly when there are 




1.6. Huynh’s Electronic Parameter 
Recently, Huynh’s group pioneered and reported a new electronic parameter by 
using 
13





Pr2-bimy = 1,3-diisopropylbenzimidazol-2-ylidene) to 
determine the donor strengths of ligands L. The preparation method of this probe 
is fairly straightforward and does not involve the use of any air/moisture sensitive 
or highly toxic compounds (Scheme 1.4).
16 
 
When a ligand of high donor strength is present, it causes a reduction in the Lewis 
acidity of the metal center, which in turn leads to a more downfield shift of the 
carbene signal. Huynh’s group employs this method to evaluate the donor abilities 
of a range of ligands such as N-heterocyclic carbenes, phosphines, isocyanides, 
pyridines, imidazoles and pyrazoles (Figure 1.5).
16,17
 In doing so, they have also 
put together both Werner-type and organometallic ligands on a unified scale, 
which was previously not possible using TEP. 




Scheme 1.4. Synthesis of trans-[PdBr2(
i









Besides being a non-destructive method, 
13
C NMR signals are normally sharp and 
the chemical shifts are normally reported to 1 decimal place, which implies that 
this method is more sensitive and accurate than IR spectroscopy used in TEP 
determination. 




The second objective of this project is to extend Huynh’s electronic parameter to 
secondary amines using a series of trans-[PdBr2(
i
Pr2-bimy)(amine)] complexes 
and to correlate HEP to pKb of the respective amines. The results will be 
discussed in Chapter 3. 
 
1.7. Objective of the project 
1.7.1. Caffeine-based carbene precursors 
With the increasing discoveries of NHC complexes, a variety of N-heterocyclic 
salts (NHC salts) have also been synthesized through different methods, such as 
cycloaddition, heteroatom alkylation, and anion exchange. An example for the 
synthesis of a bromide NHC salt via N-alkylation is depicted in Scheme 1.5.
18
 
This method is commonly adopted for the preparation of chloride and bromide 
azolium salts.  
 
Scheme 1.5. An example for the synthesis of a bromide NHC salt via N-
alkylation done by Huynh’s group.18 
 
As mentioned previously, one of the traditional ways to prepare NHC complexes 
is to deprotonate the corresponding azolium salts, which will then be treated with 
common metal complexes to form the desired complexes. For this method to 
1. Introduction   
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work well, the proton attached to the carbene carbon atom needs to show 
increased acidity, which in turn is also dependent on the identity of the 
counteranion of the azolium salt. The latter plays a key role in the synthesis of 
NHC complexes via deprotonation approach. 
 
Therefore, one of the objectives in this work is to prepare caffeine-based azolium 
salts with different N-substituents as precursors to caffeine-based NHCs, by 
heteroatom alkylation. The results will be discussed in Chapter 2. 
 
1.7.2. Ligands Donor Strengths Determination of secondary amines 
The Huynh group has proposed an easy, semi-quantitative nucleophilicity ranking 
of different classes of ligands based on their influence on the 
13
C NMR signal of 





 This project also takes an interest to expand and explore the 
repertoire of ligands in the HEP library. To achieve the aim, the dimer 
[PdBr2(
i
Pr2-bimy)]2 is cleaved with a series of secondary amines in 
dichloromethane to produce the NHC complexes for 
13
C NMR spectroscopic 
analysis. The results will be discussed in chapter 3.  
 2. Caffeine-based Azolium Salts and NHC Complexes 
12 
 
2. Caffeine-based Azolium Salts and NHC Complexes  
2.1. Alkylation of Caffeine 
Xanthinium halides are suitable carbene precursors that are based on abundant 
natural products such as caffeine. In an attempt to prepare such caffeine-based 
carbene precursors with different N-substituents, a series of reactions were 
conducted involving caffeine and a variety of alkyl halides of different 
electrophilic strengths. Reaction between isopropyl bromide and benzyl bromide 
as a stronger electrophile with caffeine under various conditions in different 
solvents (e.g. tetrahydrofurane, toluene, acetonitrile) or neat did not yield the 
desired benzyl or isopropyl N-substituted xanthinium salts (Scheme 2.1). 
 
 
Scheme 2.1. Attempted N-alkylation of caffeine. 
 
The reaction mixtures did not show any noticeable change despite being left to 
react for even 48 hours under reflux.  
2. Caffeine-based Azolium Salts and NHC Complexes  
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To further increase the reactivity of the electrophile, benzyl bromide was 
converted into benzyl iodide, according to the Finkelstein reaction
19
 depicted in 
Scheme 2.2. The rationale for this change is that the iodide is a better leaving 
group than the bromide. Thus, it was anticipated that the N-alkylation reaction 
would proceed with more ease. 
 
 
Scheme 2.2. Finkelstein reaction of benzyl bromide. 
 
Sodium iodide was therefore reacted with benzyl bromide in a 1:1 ratio using 
acetone as a solvent. The reaction is driven by the insolubility of sodium bromide, 
which precipitates and can be removed via filtration through Celite. The filtrate 
was subsequently concentrated, followed by the addition of the caffeine for 
further reaction. However, even with this stronger electrophile, the desired  
N-benzyl caffeine derivative was not formed.  
 
Finally, caffeine was successfully reacted with iodomethane in 




 as a 
suitable precursor to a caffeine-derived N-heterocyclic carbene (Scheme 2.1).
20
 
The reaction mixture was filtered, and the precipitation of the product was 
initiated by addition of a large excess of ethyl acetate. After filtration and 
washing, the product was afforded as a very pale yellow powder in a non-
optimized yield of 42% yield.  
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In conclusion, the combination of iodomethane as the strongest electrophile in this 
series, a polar aprotic solvent, high reaction temperature and a prolonged reaction 
time appears to be crucial for a positive outcome. Moreover, iodomethane is also 
the least bulky electrophile and therefore better able to attack the rather weak 
nucleophile caffeine.  
 
2.2. Nucleophilicity of Caffeine and related Derivatives 
These alkylation attempts have shown that caffeine is reactive towards 
iodomethane, but not towards the weaker electrophilic alkyl halides including 
benzyl bromide, benzyl iodide and isopropyl bromide (Scheme 2.1). It is therefore 
of interest to evaluate the nucleophilicity of caffeine and related compounds. In 
order to do so, we build upon a report by Huynh et al., who proposed an easy, 
semi-quantitative nucleophilicity ranking of pyrazoles based on their influence on 
the 
13
C NMR signal of the reporter carbene signal in complexes of the type trans-
[PdBr2(
i




In addition to caffeine, two other derivatives with N-benzyl and N-isopropyl were 
straightforwardly prepared according to literature by the reaction theophylline 
with the respective alkyl bromides and K2CO3 as a base in acetonitrile under 
reflux (Scheme 2.3).
21
 The NMR spectroscopic data matched those previously 
reported, which confirmed their successful isolation.
21,22 
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Scheme 2.3. Synthesis of isopropyl and benzyl N-substituted caffeine derivatives.  
 







 was reacted with the three xanthines in an 
approximately 1:2.2 ratio using dichloromethane as the solvent to give the three 
new adducts of the general formula trans-[PdBr2(
i
Pr2-bimy)(R-xant)] (2 for R = 
CH3, 3 for R = Bn, 4 for R = 
i
Pr) as outlined in Scheme 2.4. The xanthines were 
used in slight excess to ensure that the reaction is driven to completion. The 
reaction was allowed to proceed overnight, although the almost immediate 
formation of a yellow solution indicates the rapid formation of the desired 
complex. The reaction mixture was then filtered through Celite and the solvent 
was removed. Washing the resultant solid with hexane or diethyl ether can aid in 
the removal of excess xanthine. The yield was generally good, although excessive 
washing is likely to decrease the yield of the complex.  
 










H NMR spectra recorded in CDCl3 all show the presence of the NHC as 
well as the xanthine in a 1:1 integral ratio in line with the proposed structures. 
Since they show the same characteristic features, only the 
1
H NMR spectrum of 
complex 2 is discussed as a representative. In the latter, a characteristic septet is 
observed at 6.29 ppm for the isopropyl methine CH signal of the 
i
Pr2-bimy 
reporter NHC ligand. Compared to the respective signal in the dimeric precursor I 
(i.e. 6.54 ppm) this signal is shifted upfield. A slight upfield shift was also 
observed for the isopropyl CH3 signal, which appears as a doublet at 1.77 ppm 
(vs. 1.82 ppm in I). The methyl groups of the caffeine moiety are detected as three 




C NMR spectrum of complex 2 shows the characteristic ylidene signal as a 
singlet at 159.4 (159.38) ppm. This is the important signal that is monitored to 
evaluate the donor ability as an estimate for the nucleophilicity of the ligand in 
question. In comparison, the respective 
13
Ccarbene signals for complexes 3 and 4 
appear at 159.4 (159.36) and 159.5 (159.52) ppm, respectively. 
2. Caffeine-based Azolium Salts and NHC Complexes  
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Pr2-bimy) chemical shifts of selected N-
donors ligands 
Ligand Lewis Structure Name  Ccarbene (
i
Pr2-bimy) [ppm] 





















The relatively upfield shift of these signals compared to those of other N-
heterocycles immediately indicate very weak nucleophiles in accordance with the 
 2. Caffeine-based Azolium Salts and NHC Complexes 
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difficulty observed in the alkylation attempts of caffeine (Table 2.1). Within these 
three xanthines, one could conclude that caffeine and the benzyl-substituted 
derivative are equal in terms of nucleophilicity, while the isopropyl analogue is 
slightly more nucleophilic due to the increased positive inductive (+I) effect of the 
isopropyl group. 
 
Quality crystals suitable for single-crystal X-ray diffraction of complex 2 were 
obtained by slow evaporation of a saturated dichloromethane solution. The crystal 
structure of 2 crystallized in a monoclinic space group Cc, and the asymmetric 
unit contains one molecule of the compound.  
 
 
Figure 2.1. Side view (left) and top view (right) of the molecular structure of the 
complex trans-[PdBr2(
i
Pr2-bimy)(caffeine)] (2). Hydrogen atoms are omitted for 
clarity, and the thermal ellipsoids are drawn at 50% probability. Selected bond 
lengths [Å] and bond angles [deg]: Pd(1)-C(1) 1.946(5), Pd(1)-N(3) 2.108(4), 
Pd(1)-Br(1) 2.4309(6), Pd(1)-Br(2) 2.4323(6);  C(1)-Pd(1)-N(3) 174.23(18), C(1)-
Pd(1)-Br(1) 87.68(14), N(3)-Pd(1)-Br(1) 91.15(11), C(1)-Pd(1)-Br(2) 88.82(14), 
N(3)-Pd(1)-Br(2) 92.53(11), Br(1)-Pd(1)-Br(2) 175.93(2). 
 
Figure 2.1 depicts the solid state molecular structure of complex 2, which shows 







Pr2-bimy ligand is almost perpendicular to the [PdBr2CN] 
coordination plane with a dihedral angle of 86° as commonly observed of Pd
II
 
2. Caffeine-based Azolium Salts and NHC Complexes  
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complexes of monodentate NHCs. Similarly, the caffeine plane adopts a dihedral 
angle of 71°. Moreover, the caffeine plane is slightly bent away from the Pd–N 
vector. The Pd1–C1 bond length of 1.946(5) Å is equal within 3 ( = standard 
deviation) with the respective Pd–C bonds found for its dimeric precursor 
[PdBr2(
i





 The Pd–Br bonds of 2.4309(6) and 2.4323(6) Å also fall in the 
typical range. 
 
Complex 3 crystallized from chloroform as the solvate 3·CHCl3. The crystal is 
monoclinic, with space group P21. The crystal’s asymmetric unit contains one 
molecule of the compound and one that of chloroform.  
 
Figure 2.2. Side view (left) and top view (right) of the molecular structure of the 
complex trans-[PdBr2(
i
Pr2-bimy)(Bn-xant)] (3·CHCl3). Hydrogen atoms and the 
solvent molecule are omitted for clarity, and the thermal ellipsoids are drawn at 
50% probability. Selected bond lengths [Å] and bond angles [deg]: Pd(1)-C(1) 
1.947(5), Pd(1)-N(3) 2.120(4), Pd(1)-Br(1) 2.4526(9), Pd(1)-Br(2) 2.4147(9);  
C(1)-Pd(1)-N(3) 174.23(18), C(1)-Pd(1)-Br(1) 86.5(2), N(3)-Pd(1)-Br(1) 92.8(2), 
C(1)-Pd(1)-Br(2) 88.6(2), N(3)-Pd(1)-Br(2) 92.1(2), Br(1)-Pd(1)-Br(2) 175.09(2). 
 
Figure 2.2 shows the solid state molecular structure of complex 3, which depicts 
the expected square-planar geometry with the Bn-xant moiety trans to the 
i
Pr2-
bimy ligand. The two bromido ligands are slightly bent towards the 
i
Pr2-bimy 
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ligand, while the Bn-xant plane tilts away from the Pd–N vector. As expected, all 
the bonds around the palladium center are essentially identical to those observed 
for complex 2 within 3. Moreover, the 13C NMR ylidene signals for both 
complexes 2 and 3 are found at 159.4 ppm, which further provides support for 
their structural and electronic similarities also in solution. 
  
With the knowledge that caffeine is able to react with iodomethane, we thus 
explored the possibility of analogously methylating Bn–xant and iPr–xant using 
methyl iodide and DMF as the solvent. Both the benzyl- and isopropyl-xanthines 
are soluble in DMF and upon adding colorless iodomethane, a yellow solution 
was formed in both cases. The reaction was allowed to proceed overnight at 
120 °C, which resulted in the formation of an orange suspension. The white 
precipitate, isolated via filtration and subsequent washing with DMF and diethyl 
ether, turned out to be poorly soluble in all common organic solvents and water 
hampering its analysis. However, 
1
H NMR analysis showed that the white solid 
formed from both reactions was actually a quaternary nitrogen compound 






Scheme 2.5. Attempted alkylation of Bn–xant and iPr–xant. 
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The alkylation reaction was anticipated to be electronically-feasible, yet the 
results showed otherwise. Although there is not clear explanation at the moment, 
it is anticipated that the difficulty of the N-alkylation is likely to be attributed to 
steric factors. Both 
i
Pr–xant and Bn–xant are bulkier than caffeine. Moreover, a 
large excess of the much smaller DMF molecule is present and available for the 
formation of the by-product. DMF has been reported to be too nucleophilic to 
preserve the high reactivity of the commercially available methylating agents.
24
 
Future attempts at the N-alkylation of the two xanthines could be carried out neat 
in the absence of DMF.  
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2.3. Palladium(II) complexes of a Caffeine-derived NHC 




 in hand, 
it was of interest to prepare complexes of the respective carbene ligand. A few 
complexes of the dimethyl-substituted caffeine-based NHC are known,
25
 but its 
donating ability has not been studied yet. In order to evaluate its donor strength 
using Huynh’s Electronic Parameter, the preparation of the hetero-bis(carbene) 
complex trans-[PdBr2(
i
Pr2-bimy)(1)] (5a) was targeted, which contains both the 
i
Pr2-bimy reporter ligand and the caffeine-derived NHC 1. This was attempted by 
using a straightforward methodology developed by Huynh et al. The general 
procedure involves a simple one-pot reaction of [PdBr2(
i
Pr2-bimy)]2 (I) with the 
respective Ag-carbene compound generated in situ (Scheme 2.6).  
 
 




The Ag-carbene is proposed to form from the reaction between one equivalent of 
Ag2O, which acts as a base as well as metal source, and two equivalents of the 




 according to Scheme 2.7. 




Scheme 2.7. In situ synthesis of the intermediate Ag-carbene complex. 
 
The Ag-carbene then goes on to react with the Pd-dimer I to produce the target 
complex under cleavage of the bromido bridges. In the original procedure 
described by Huynh et al., the solvent used was dichloromethane. However, this 
could not be used in this case, due to the insolubility of the methylated 
xanthenium iodide. However, all the starting materials with exception of Ag2O 
are soluble in more polar acetonitrile, which was therefore chosen as the solvent 
for the reaction instead. The mixing of the reactants in acetonitrile produced an 
orange suspension. Within minutes, the orange mixture turned yellow, with the 
formation of a cream precipitate of silver halides, which drives the reaction. 
Subsequent filtration and removal of the solvent from the filtrate afforded the 
crude product as a light yellow solid. 
 
Analysis of the crude product by TLC indicated the presence of at least two 




C NMR spectra recorded in 
CDCl3 were complicated and show three closely spaced sets of signals for three 
very similar complexes. The mixture of complexes is undoubtedly a result of 
halide scrambling considering that a xanthenium iodide was used to react with a 
palladium(II) bromido complex I. Overall, three complexes with different halido 
ligands can potentially result from the above reaction (Figure 2.3). 





Figure 2.3. Three complexes due to halide scrambling. 
 
Among these three potential complexes, the desired complex 5a is anticipated to 
be the most probable followed by complex 5b, due to the fact that the formation 
of AgI is more favorable than AgBr. Therefore, removal of iodide by silver(I) is 






C NMR spectrum of complexes 5 in the carbene range. 
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A more detailed analysis of the 
13
C NMR spectrum revealed multiple carbene 
resonances with different intensities (Figure 2.4). A pattern consisting of two 
repeating sets of three signals can be seen in addition to a low intensity and 
highfield signal at 175.3 ppm. The more downfield set centered at ~179 ppm can 
be assigned to the caffeine-based NHC due to the electron-withdrawing backbone, 
which is anticipated to exert a deshielding effect. The 
i
Pr2-bimy ligand therefore 
gives rise to the more upfield signals. 
 
It is also known that cis-halido ligands have an increasing shielding effect on 
NHCs in the order Cl < Br < I in line with their decreasing electronegativity and 
increasing polarizability of their electron clouds.
26
 The iodido ligand with its 
largest electron cloud and lowest electronegativity has thus the largest shielding 
effect. The most upfield signal at 175.3 ppm was therefore tentatively attributed to 
the 
i
Pr2-bimy signal of the diiodido complex 5c. The matching signal for the 
caffeine-derived NHC in 5c was not resolved under the given conditions. 
Subsequent replacement of each halido ligand with its lighter and more 
electronegative homologue gives rise to a stepwise downfield shift of the carbene 
signal. It must be noted that chlorido complexes can be formed from traces of 
chloride commonly found in CDCl3 further complicating the mixture.  
 
To provide further support for the proposed assignment depicted in Figure 2.5, 
excess sodium iodide was added to the NMR sample, which should lead to the 
preferred formation of the diiodido complex 5c according to the HSAB concept, 
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whereby the soft iodido ligand should favor binding to the soft palladium center. 
Indeed, the resulting 
13
C NMR spectrum now only shows two carbene signals. 
The chemical shift of 175.6 ppm assigned to 
i
Pr2-bimy in 5c is very close to the 
initially observed value of 175.3 ppm, while the more downfield signal for the 
caffeine-derived NHC at 178.4 ppm was not resolved in the previous 
13
C NMR 
spectrum. The 0.3 ppm difference in the 
i
Pr2-bimy signal may be attributed to the 
presence of different anions present in solution, resulting to excessive hydrogen 









Figure 2.6. Donor strength comparison of caffeine-derived NHC 1 with other 
classical NHCs.  
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Overall, only the diagnostic 
13
C NMR shift of 5a at 177.4 ppm can be used to 
compare the donating ability of the caffeine-derived NHC with other classical 
NHCs. This value indicates a very weak NHC ligand comparable to imidazolin-2-
ylidenes with aromatic N-substituents and triazolin-5-ylidenes (Figure 2.6). 
 




 on hand, the synthesis of the homo-
bis(NHC) complex trans-[PdI2(1)2] was also planned and carried out as depicted 
in Scheme 2.8. 
 
 
Scheme 2.8. Proposed synthesis of trans-[PdI2(1)2]. 
 
Upon heating the reaction mixture under reflux overnight, a yellow-orange 
suspension was obtained. The yellow residue obtained after filtration was further 
washed with ether, and yellow air-stable single crystals were obtained in moderate 
yield by slow evaporation of its solution in acetonitrile. 
 
 
Scheme 2.9. Synthesis of trans-[PdI2(NCCH3)(1)] (6). 
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Analysis of the crystals by X-ray diffraction revealed that the new monocarbene 
complex trans-[PdI2(NCCH3)(1)] (6) was serendipitously obtained instead 
(Scheme 2.9, Figure 2.7). The crystal structure is orthorhombic with a space 
group Pbcn. The coordination geometry around the palladium is essentially 
square planar with a weakly bonded acetonitrile ligand in the trans position to the 
caffeine-derived NHC. The two bromido ligands occupy the cis positions, with 
respect to the NHC. They are also oriented towards the more bulky NHC and not 
towards the small acetonitrile ligand. This phenomenon suggests some form of 
intramolecular interactions between the bromido ligands and the carbene. 
Plausibly, there is some back-bonding from the lone pairs of the bromido ligands, 
into the formally empty p-orbital of the carbene carbon atom.
18
 Notably, complex 
6 is the first caffeine-derived NHC complex of palladium to be characterized by 
single crystal X-ray diffraction. 
 
 
Figure 2.7. Side view of the molecular structure of the complex trans-
[PdI2(CH3CN)(1)] (6). Hydrogen atoms and the solvent molecule are omitted for 
clarity, and the thermal ellipsoids are drawn at 50% probability. Selected bond 
lengths [Å] and bond angles [deg]: Pd(1)-C(1) 1.948(3), Pd(1)-N(5) 2.053(3), 
Pd(1)-I(1) 2.5845(3), Pd(1)-I(2) 2.6135(3); C(1)-Pd(1)-N(5) 175.51(11), N(5)-
Pd(1)-I(1) 90.31(7), C(1)-Pd(1)-I(1) 86.44(8), C(1)-Pd(1)-I(2) 89.80(8), N(5)-
Pd(1)-I(2) 93.62(7), I(1)-Pd(1)-I(2) 174.914(11). 





H NMR spectrum of the product in CDCl3 shows four singlets in the more 
upfield region of 3.25–4.24 ppm, which corresponds to the four N–CH3 groups on 
the NHC ligand. The CH3 group from the acetonitrile appears as a singlet at 1.97 
ppm. In the 
13
C NMR spectrum, the carbene signal appears as a downfield singlet 
at 153.0 ppm, while the N–CH3 groups give rise to four discrete singlets at 39.6, 
37.6, 31.4 and 27.7 ppm, respectively. 
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3. Ligand Donor Strength Determination of secondary 
amines 




Huynh et al. has reported that the donating ability of ligands can be ranked using 
complexes of the type trans-[PdBr2(
i
Pr2-bimy)(L)]. In this method, the electronic 
influence of a ligand on the 
13
C NMR signal of the trans-standing reporter 
carbene 
i
Pr2-bimy is measured. As highlighted earlier, semi-quantitative 
information about nucleophilicity, which is related to donor strength, can also be 
obtained. Moreover, it is of interest to test the correlation of this parameter to 
basicity general tabulated as pKb values. To achieve this aim, the dimeric parent 
complex [PdBr2(
i
Pr2-bimy)]2 (I) is cleaved with a series of commercially 
available secondary amines with reported pKb values to produce the NHC 








Scheme 3.1. Synthesis of trans-[PdBr2(
i
Pr2-bimy)(secondary amine)] complexes. 
3. Ligand Donor Strength Determination of secondary amines   
31 
 
Syntheses of these complexes is straightforward and involve stirring of 
[PdBr2(
i
Pr2-bimy)]2 (I) with at least two equivalents of the secondary amine at 
ambient conditions in dichloromethane as the solvent (Scheme 3.1). The amines 
were used in slight excess to drive the reaction to completion (Table 3.1). After 
removing the solvent under vacuum, the desired complexes were afforded as air-
stable yellow solids that are well soluble in most common organic solvents with 
exception from non-polar ones such as hexane, diethyl ether and toluene. 
 
Table 3.1. List of secondary amines used for the synthesis of trans-[PdBr2(
i
Pr2-
bimy)(secondary amine)] complexes 
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The non-optimized yields of the compounds varied from about 40–85 %, which 
could be further improved if less washing of the complexes was carried out. 
Complexes 7–13 were characterized by 1H and 13C NMR spectroscopy using 
CDCl3 as the solvent. In the 
1
H NMR spectrum, the aromatic protons of the 
i
Pr2-
bimy backbone typically show up as a doublet of a doublet at approximately 
7.18–7.55 ppm. The isopropyl substituents of the same ligand appear as a doublet 
at around 1.75 ppm. In the 
13
C NMR spectrum, the most downfield signals 
correspond to the resonances of the ylidene carbon atoms of the complexes. This 
characteristic signal is typically observed at the region of 160 ppm for the amines 
in this study and is being monitored for comparison of donor strengths of different 
ligands.  
 
3.2. Correlation between 
13
Ccarbene NMR Shifts and the pKb Values 
of the Coordinated Secondary Amines 
It is of interest to find out if the basicity of the amines, which is related to their 
donor strength, shows good correlation with the 
13
C NMR chemical shifts. The 
basicity of an amine is commonly indicated by its pKb value; a smaller pkb value 
indicates higher basicity. When an amine is more basic, its lone pair is more likely 
to coordinate to a metal center and is therefore deemed a stronger ligand.  From 
the results thus far, one could gather that the lower the pKb value of the amine 
(more basic), the more downfield will be the 
13
Ccarbene chemical shift of the 
i
Pr2-
bimy reporter ligand. This observation may be rationalized as the presence of a 
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strong donor causes a reduction in the Lewis acidity of the metal center, which in 
turn leads to a more downfield shift of the carbene signal as previously 




 Table 3.2. 
13
C Chemical shifts of Ccarbene and pKb values
27
 of the coordinated 
secondary amines 




pKb value of 
amine 
7 Morpholine 161.8 5.64 
8 Dicyclohexylamine  162.8 3.60 
9 Piperidine 163.2 2.78 
10 Pyrrolidine  163.2 2.73 
11 Diisobutylamine  163.5 3.50 
12 Dipropylamine  163.6 3.00 
13 Diethylamine 163.6 3.02 
 
 
To determine this, the 
13
C NMR chemical shifts of the reporter ligand and the pKb 
values of the amines in the corresponding complexes are compared. The relevant 
data is summarized in Table 3.2. Comparing the cyclic secondary amines 
pyrrolidine and piperidine, the increase in the methylene groups in the aliphatic 
ring should lead to a slight increase in basicity in accordance with the increased 
positive I-effect. However, this is not reflected by the respective tabulated pKb 
values, which is counter-intuitive as steric factors are negligible in these cases. On 
the other hand, the chemical shift of the 
13
C ylidene signals would indicate almost 
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identical basicities of these two cyclic amines. With the introduction of an oxygen 
atom into the six-membered ring, the basicity of the morpholine molecule is 
greatly reduced. The electron-withdrawing effect of the oxygen atom reduces the 
availability of the lone pair on the nitrogen atom for coordination, as reflected in 
the increased pKb value of this secondary cyclic amine. This results in a clear 
upfield shift in the resonance of the ylidene carbon signal of the morpholine 
complex by ~1.4 ppm. 
 





Comparing the acyclic secondary counterparts diethylamine, dipropylamine, 
diisopopylamine and dicyclohexylamine, the basicity of these compounds 
decreases, as reflected in the increasing pKb values. This is likely due to steric 
factors, since the +I effect should increase across these four amines. As a result of 
the decreased basicity of the amines, the corresponding chemical shifts of the 
13
C 
ylidene signal of the respective coordination complexes have been observed to be 
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more upfield. As expected, there is no change in the chemical shift of the 
13
C 
signal in going from diethylamine to dipropylamine. The results are depicted on 
the 
13
C NMR scale as shown in Figure 3.1. 
 
 
Figure 3.1. Correlations between the 
13
C chemical shifts of Ccarbene in trans-[PdBr2 
(
i
Pr2-bimy)(amine)] complexes and the pKb values of the corresponding amines. 
 
A graphical plot of pKb values against the 
13
C NMR chemical shift of the carbene 
signal revealed a linear correlation between these two variables. The R
2
 value of 
0.8079 indicates moderate correlation between the 
13
C chemical shifts of Ccarbene 
in trans-[PdBr2(
i
Pr2-bimy)(amine)] and the pKb values of the corresponding 
amines. We acknowledge that the data points may have some error as not all the 
compounds may be entirely pure, which may have an effect on the chemical shift 
of the carbene signal.  In addition, there is also some ambiguity on the pKb values 
of the amines found in literature, as there is limited consistency on the 
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experimental methods used to determine such values. It was also noted that in the 
previous work done by Hall, only secondary amines with low steric hindrance 
gave a linear relationship between pKa and more elaborated σ* values.
28
 In our 
work, despite not further classifying the amines into the size of their substituents, 
we have found a linear relationship of moderate fit between the 
13
C NMR 
chemical shifts of Ccarbene in trans-[PdBr2(
i
Pr2-bimy)(amine)] and the pKb values 
of the corresponding amines. For future work, more data may be collected to 
strengthen the correlation between the two variables.  




This thesis describes the attempted syntheses and characterization of caffeine-
based carbene precursors with different N-substituents, as well as palladium(II) 
complexes of a caffeine-derived NHC. We also explored the synthesis of trans-
[PdBr2(
 i
Pr2-bimy)(L)] complexes (L = secondary amine) as part of the efforts to 
expand the repertoire of ligands in the HEP library.  
 
Chapter 2 discusses the syntheses of caffeine-based carbene precursors, by 
reacting caffeine with various alkyl halides of different electrophilic strengths. 





Following this, to evaluate the nucleophilicity of caffeine and related compounds, 





C NMR spectroscopy, and complexes 2 and 3 have had 
their structures confirmed by X-Ray diffraction studies. The 
13
Ccarbene signal for 
compounds 2 and 3 appear at 159.4, while that of 4 shows up 159.5 respectively, 
giving rise to the conclusion that caffeine and benzyl-substituted derivative have 
similar nucleophilicities, while the isopropyl analogue is slightly more 
nucleophilic due to the +I effect of the isopropyl group. Halide scrambling was 
encountered when the synthesis of 5a was carried out, because a xanthenium 
iodide was used to react with a palladium(II) bromide complex. This was made 
more complicated by the formation of additional chlorido complexes, due to the 
presence of chloride found in the deuterated solvent CDCl3. Monocarbene 
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C NMR spectroscopy and its 
structure has been confirmed by X-Ray crystallography. 
 
Chapter 3 presents the extension of Huynh’s electronic parameter to secondary 
amines. The donor strengths of seven secondary amines have been determined, by 
making use of the interdependence of the donor strength of the co-ligand and the 
13
C NMR chemical shift of 
i
Pr2-bimy carbene signal in trans-[PdBr2(
i
Pr2-





NMR spectroscopy. A more basic amine is anticipated to be a stronger ligand, and 
will in turn cause a more downfield shift in the 
13
C NMR shift of the carbene 
signal. A linear correlation (R
2
 = 0.8079) exists between the 
13
C NMR shift of the 
Ccarbene and the pKb values of the coordinated amines. For future work, more 
secondary amines could be explored, so as to gather more data points and to 
strengthen the correlation between the two variables. The successful correlation 
would allow for the convenient future prediction of pKb values of newly 
synthesized (secondary) amines. 
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5. Proposed Future Work 
In an attempt to synthesize complex 5, we encountered the issue of halide 
scrambling. In order to overcome this problem, one of the possible ways would be 




 to a bromide ion. An 

















Unlike literature reports, it was observed that AgCl did not sufficiently dissolve in 
conc. HCl to give the soluble [AgCl2]
–
 anion. The solublity also did not improved 
when NaCl was introduced to provide counter-cations for the dichlorido-argentate 
complex. This method was therefore not pursued further.  
 
The second route rationalized to be more feasible is depicted in Scheme 5.1. This 
route was proposed based on a series of solubility constants (Table 5.1) of 
different metal halides and sulfates and the easy availability of compounds found 
in the common laboratories. 
Prepare caffeine-iodide salt solution, 
in conc. HCl 
Prepare a saturated solution of 
AgCl in conc. HCl 
 
Caffeine-chloride salt AgI (yellow ppt) 
 
Undergo anion exchange to yield 
the desired complex 
+ 
+ 















Table 5.1. Solubility of various salts at 25 °C 
Silver salt Solubility (g/100 g) at 25 °C 
AgCl  1.923 × 10
-4
 





BaSO4 2.448 x 10
-4
 (at 20 °C) 
  
 
Silver sulfate was prepared by mixing saturated solutions of silver nitrate and 
sodium sulfate. When silver sulfate was added to an ethanolic solution of the 
methyl-xanthinium salt, the yellow solution turned colourless, together with the 
formation of yellow silver iodide precipitate. When barium chloride was added to 
the colouless filtrate, white precipatate of barium sulfate was formed and filtered 




 salt is a very hydroscopic white powder. LiBr was 
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 salt as a white 
precipitate, which can be filtered off easily. Results are promising, but not 
conclusive at the moment and can be further pursued.  
 
The second area of work that may be extended would be to further expand the 
number of amines in the HEP library. With the current set of data points, it is not 
evident that there is very strong correlation between the pKb of the ligand and the 
13
C NMR chemical shift of the reporter carbene signal. Data points from more 
amines could be collected, expecially from those that have pKb values in the range 
3.70–5.50. With this, it is anticipated to strengthen the correlation between the 
two variables. In addition, we can also continue to extend the HEP library to other 
classes of compounds.  
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6. Experimental Section 
General Considerations. All reactions were carried out without precautions to 
exclude air and moisture, unless stated otherwise. All solvents and chemicals 
were used as received, without any further treatment. 1,3-
diisopropylbenzimidazolium bromide and di-µ-bromobis(1,3-diisopropyl-







C NMR spectra were recorded on a Bruker ACF 
300 spectrometer and the chemical shifts (δ) were internally referenced by the 




C). Elemental analyses 
were performed on an Elementar Vario Micro Cube elemental analyzer at the 







Caffeine (2 g, 10.3 mmol) was dissolved in DMF (15 mL) and iodomethane (3.2 
mL, 51.4 mmol) was added. The reaction mixture changed from colorless to 
yellow upon heating and the reaction was left to stir overnight at 120 °C. The 
orange brown reaction mixture was filtered through Celite, and ethyl acetate (50 
mL) was added and left to stir at ambient temperature for 20 minutes. The 
suspension was then filtered and the precipitate was washed with ethyl acetate (4 
× 15 mL). The desired product is a very pale yellow powder (1.44 g,   3.7 mmol,    









Pr2-bimy)(caffeine)] (2)  
[PdBr2(
i
Pr2-bimy)]2 (94 mg, 0.1 mmol) was dissolved in CH2Cl2 (7 mL) . Upon 
addition of caffeine (39 mg, 0.2 mmol), the orange suspension turned to a yellow 
solution. The reaction was allowed to proceed overnight under ambient 
temperature for about 24 h. The solvent was removed using the rotary evaporator, 
and the yellow solid was washed with diethyl ether (2 × 10 mL) and hexane (2 × 
10 mL). The desired product is a yellow solid (32 mg, 48%). Yellow crystals were 
obtained by slow evaporation of the compound in CH2Cl2. 
1
H NMR (300 MHz, 
CDCl3) δ 8.04 (s, NCHN), 7.58 (dd, 2 H, Ar-H), 7.21(dd, 2 H, Ar-H), 6.29 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 4.46 (s, NCH3) 4.02 (s, NCH3), 3.39 (s, 
NCH3), 1.78 (d, 
3




H} NMR (75 MHz, CDCl3) δ 
159.4 (s, NCN), 155.3 (s, CO), 151.9 (s, C=C) 147.1 (s, CO), 141.9 (s, NCN), 
133.9 (s, Ar-C), 123.1 (s, Ar-C), 113.3 (s, Ar-C), 109.0 (s, C=C), 55.4 (s, 
NCH(CH3)2), 35.1 (s, N-CH3), 34.0 (s, N-CH3), 28.8 (s, N-CH3), 21.2 (s, CH3). 
Anal. Calc for C21H28N6O2Br2Pd: C, 38.06; H, 4.26; N, 12.68. Found: C, 38.11; 





Complex 3 was prepared in analogy to 2 from Bn-xant (54 mg, 0.2 mmol). The 
desired product is yellow solid (67 mg, 90%). Yellow crystals were obtained with 
slow evaporation of the compound in CH2Cl2. 
1
H NMR (300 MHz, CDCl3): δ 
8.12 (s, NCHN), 7.59 (dd, 2 H, Ar-H), 7.36 (m, 5 H, Ar-H), 7.21(dd, 2 H, Ar-H), 
6.30 (m, 
3
J(H,H) = 7.1 Hz, 2 H, NCH(CH3)2), 5.55 (s, CH2), 4.49 (s, NCH3), 3.39 
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(s, NCH3), 1.78 (d, 
3




H} NMR (75 MHz, 
CDCl3): δ 159.4 (s, NCN), 155.1 (s, CO), 151.8 (s, C=C) 147.3 (s, CO), 141.6 (s, 
NCN), 134.7 (s, Ar-C), 133.9 (s, Ar-C), 129.8 (s, Ar-C), 129.5 (s, Ar-C), 128.6 (s, 
Ar-C), 123.1 (s, Ar-C), 113.2 (s, Ar-C), 108.4 (s, C=C), 55.4 (s, NCH(CH3)2), 







Complex 4 was prepared in analogy with 2 from 
i
Pr-xant (44 mg, 0.2 mmol). The 
desired product is yellow solid (62 mg, 90%). 
1
H NMR (300 MHz, CDCl3): δ 
8.09 (s, NCHN), 7.59 (dd, 2 H, Ar-H), 7.22 (dd, 2 H, Ar-H), 6.33 (m, 
3
J(H,H) = 
6.9 Hz, 2 H, NCH(CH3)2), 5.12 (m, 
3
J(H,H) = 6.8 Hz, 2 H, NCH(CH3)2), 4.51 (s, 
NCH3), 3.41 (s, NCH3), 1.79 (d, 
3
J(H,H) = 6.9 Hz, 12 H, CH3), 1.63 (d, 
3
J(H,H) = 




H} NMR (75 MHz, CDCl3): δ 159.5 (s, NCN), 154.9 (s, 
CO), 151.8 (s, C=C) 147.6 (s, CO), 138.9 (s, NCN), 134.0 (s, Ar-C), 123.1 (s, Ar-
C), 113.4 (s, Ar-C), 108.4 (s, C=C), 55.4 (s, NCH(CH3)2), 34.1 (s, NCH3), 29.0 (s, 
NCH3), 23.5 (s, CH3), 21.2 (s, CH3). 
 
Attempted synthesis of complexes 5a 
[PdBr2(
i
Pr2-bimy)]2 (94 mg, 0.10 mmol) was first dissolved in acetonitrile (10 
mL) to produce an orange solution before Ag2O (28 mg, 0.12 mmol) was added. 




 (74 mg, 0.22 mmol), the orange suspension turned 
yellow, with the formation of a cream precipitate. The reaction was left to proceed 
overnight under ambient conditions. The reaction mixture was filtered and the 
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yellow filtrate was subjected to vacuum to remove the solvent. The yellow solid 
was washed three times with diethyl ether. The washings showed a stain on TLC, 
which implies the presence of a relatively non-polar compound. Some of the 
yellow solid was dissolved in dichloromethane and TLC results indicated the 
presence of a mixture of at least two compounds with very close Rf values. The 
eluent used was dichloromethane with a few drops of methanol.  
 
trans-[PdI2(CH3CN)(1)] (6) 
Pd(OAc)2 (112 mg, 0.5 mmol) was dissolved in acetonitrile (10 mL) to produce 




 (403 mg, 1.2 mmol) was added and the reaction 
was left to proceed overnight under reflux. The reaction mixture was filtered and 
the yellow residue was washed with diethyl ether. The desired complex is a 
yellow solid (92 mg, 30%). Yellow crystals were obtained with slow evaporation 
of the compound in CH2Cl2. 
1
H NMR (300 MHz, CDCl3) δ 4.24 (s, NCH3) 4.10 




H} NMR (75 
MHz, CDCl3) δ 153.0 (s, NCN), 152.9 (s, CO), 150.5 (s, C=C) 117.3 (s, CN), 
110.3 (s, C=C), 39.6 (s, NCH3), 37.6 (s, NCH3), 31.4 (s, NCH3), 27.7 (s, NCH3), 
0.3 (m, CH3CN; overlap with solvent signals).  
 





Pr2-bimy)]2 (94 mg, 0.10 mmol) was dissolved in CH2Cl2 (7 mL). Upon 
addition of the respective amine (0.21 mmol 2.1 eq), the orange suspension 
cleared up, and a yellow solution was formed. The reaction was allowed to 
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proceed overnight under ambient temperature. The solution was then filtered over 
Celite and the solvent was removed using the rotary evaporator. The yellow solid 




Pr2-bimy)(morpholine)] (7)  
Complex 7 was prepared using morpholine (18 µL, 0.21 mmol). 55 mg of a 
yellow solid were obtained (50%). 
1
H NMR (300 MHz, CDCl3): δ 7.55 (dd, 2 H, 
Ar-H), 7.20 (dd, 2 H, Ar-H), 6.08 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 3.85 
(m, 4 H, CH2), 3.52 (m, 4 H, CH2), 2.73 (s, 1 H, NH), 1.76 (d, 
3
J(H,H) = 5.0 Hz, 




H} NMR (126 MHz, CDCl3) δ 161.8 (s, NCN), 134.1 (s, Ar-C), 
123.0 (s, Ar-C), 113.2 (s, Ar-C), 68.8 (s, CH2), 55.2 (s, NCH(CH3)2), 49.0 (s, 





Complex 8 was prepared using dicyclohexylamine (42 µL, 0.21 mmol). 56 mg of 
a yellow solid were obtained (44%). 
1
H NMR (500 MHz, CDCl3): δ 7.54 (dd, 2 
H, Ar-H), 7.18 (dd, 2 H, Ar-H), 6.26 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 
2.98 (m, 2 H, CH), 2.75 (m, 2 H, CH2), 2.69 (s, 1 H, NH), 2.09 (m, 2 H, CH2), 
1.79 (m, 12 H, CH2), 1.76 (d, 
3




H} NMR (126 MHz, CDCl3): δ 162.82 (s, NCN), 134.1 (s, Ar-C), 122.9 (s, 
Ar-C), 113.2 (s, Ar-C), 56.4 (s, NCH(CH2)), 54.7 (s, NCH(CH3)2), 35.0 (s, CH), 
34.2 (s, CH2), 30.2 (s, CH2), 26.8 (s, CH2), 26.0 (s, CH2), 21.3 (s, CH3). 
 






Complex 9 was prepared using piperidine (21 µL, 0.21 mmol). 59 mg of a yellow 
solid were obtained (53%). 
1
H NMR (300 MHz, CDCl3): δ 7.53 (dd, 2 H, Ar-H), 
7.18 (dd, 2 H, Ar-H), 6.10 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 3.14 (dd, 4 H, 
CH2), 2.42 (m, 1 H, NH), 1.74 (d, 
3
J(H,H) = 6.0 Hz, 12 H, CH3), 1.69 (m, 4 H, 




H} NMR (75 MHz, CDCl3): δ 163.2 (s, NCN), 
134.1 (s, Ar-C), 122.8 (s, Ar-C), 113.1 (s, Ar-C), 55.0 (s, NCH(CH3)2), 50.1 (s, 





Complex 10 was prepared using pyrrolidine (18 µL, 0.21 mmol). 59 mg of a 
yellow solid were obtained (55%). 
1
H NMR (300 MHz, CDCl3) δ 7.55 (dd, 2 H, 
Ar-H), 7.19 (dd, 2 H, Ar-H), 6.15 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 3.18 
(m, 4 H, CH2), 2.76 (m, 1 H, NH), 1.84 (m, 4 H, CH2), 1.75 (d, 
3
J(H,H) = 6.0 Hz, 




H} NMR (75 MHz, CDCl3) δ 163.2 (s, 
NCN), 134.1 (s, Ar-C), 122.8 (s, Ar-C), 113.2 (s, Ar-C), 55.0 (s, NCH(CH3)2), 





Complex 11 was prepared using diisobutylamine (37 µL, 0.21 mmol). 102 mg of 
a yellow solid were obtained (87%). 
1
H NMR (500 MHz, CDCl3): δ 7.54 (dd, 2 
H, Ar-H), 7.18 (dd, 2 H, Ar-H), 6.15 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 
3.08 (m, 2 H, CH2), 2.82 (s, 1 H, NH), 2.61 (m, 2 H, CH2), 2.35 (m, 2 H, CH), 





J(H,H) = 5.0 Hz, 6 H, CH3), 1.11 (d, 
3
J(H,H) = 6.0 Hz, 6 H, CH3), 1.04 
(d, 
3




H} NMR (126 MHz, CDCl3): δ 163.5 (s, 
NCN), 134.1 (s, Ar-C), 122.8 (s, Ar-C), 113.1 (s, Ar-C), 60.1 (s, CH3), 55.0 (s, 





Complex 12 was prepared using dipropylamine (29 µL, 0.21 mmol). 44 mg of a 
yellow solid were obtained (39%). 
1
H NMR (500 MHz, CDCl3): δ 7.55 (dd, 2 H, 
Ar-H), 7.19 (dd, 2 H, Ar-H), 7.17 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 3.15 
(m, 2 H, CH2) , 2.69 (m, 1 H, NH), 2.54 (m, 2 H, CH2), 2.21 (m, 2 H, CH2), 1.95 
(m, 2 H, CH2), 1.76 (d, 
3





NMR (126 MHz, CDCl3): δ 163.6 (s, NCN), 134.1 (s, Ar-C), 122.8 (s, Ar-C), 





Complex 13 was prepared using diethylamine (22 µL, 0.21 mmol). 70 mg of a 
yellow solid were obtained (65%). 
1
H NMR (300 MHz, CDCl3): δ 7.55 (dd, 2 H, 
Ar-H), 7.19 (dd, 2 H, Ar-H), 6.19 (m, 
3
J(H,H) = 7.5 Hz, 2 H, NCH(CH3)2), 3.17 
(m, 2 H, CH2) , 2.59 (m, 2 H, CH2), 2.53 (m, 1 H, NH), 1.76 (d, 
3
J(H,H) = 9.0 Hz, 




H} NMR (126 MHz, CDCl3): δ 163.6 (s, 
NCN), 134.1 (s, Ar-C), 122.9 (s, Ar-C), 113.2 (s, Ar-C), 54.9 (s, NCH(CH3)2), 
47.5 (s, CH2), 21.3 (s, CH3), 15.8 (s, CH3). 
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X-ray Diffraction Studies 
The X-ray data were collected with a Bruker AXS SMART APEX diffractometer, 
using Mo-Kα radiation with the SMART suite of Programs.
29
 Data were processed 
and corrected for Lorentz and polarization effects with SAINT,
30
 and for 
absorption effect with SADABS.
31
 Structural solution and refinement were 
carried out with the SHELXTL programs.
32
 Every structure was solved by direct 
methods to locate the heavy atoms, followed by difference maps for the light, 
non-hydrogen atoms. All the non-hydrogen atoms were generally given 
anisotropic displacement parameters in the final model. All the H-atoms were put 
at calculated positions. A summary of the most important crystallographic data is 
provided in the following chapter (Selected X-ray Crystallographic Data). 
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7. Selected Crystallographic Data 
 2 3 6 
formula C21H28O2N6Br2 C28H33Br2Cl3N6O2Pd C11H15I2N5O2Pd 
 
fw 662.71 858.17 609.48 
color, habit yellow, block yellow, block yellow, block 
cryst size [mm] 0.30 x 0.24 x 0.22 0.70x0.180x0.200 0.226x0.200x0.198 
temp [K] 100(2) 100(2) 100(2) 
crystsyst monoclinic Monoclinic Orthorhombic 
space group Cc P21 Pbcn 
a[Å]  8.7813(9) 11.060(2) 10.6889(4) 
b [Å] 21.729(2) 9.0365(18) 17.6401(7) 
c [Å] 13.5879(14) 16.452(3) 18.3461(6) 
 [deg] 90.00 90 90 
 [deg] 107.618(2) 93.93(3) 90 
 [deg] 90.00 90 90 
V [Å
3
] 2471.0(4) 1640.4(6) 3459.2(2) 
Z 4 2 8 
Dc [g cm
3
] 1.781 1.737 2.341 
radiation used Mo K Mo K Mo K 
 [mm1] 4.015 3.282 4.653 
 range [deg] 2.45–27.49 
 
2.15–28.33° 2.489– 29.571 
reflections 
collected 
8407 4267 26821 
max., min. 
transmn 
0.5629, 0.4334 0.7457,  0.6327 - 
final R indices 
[I> 2(I)] 
R1 = 0.0327 
wR2 = 0.0664 
R1 = 0.0285  
wR2 = 0.0561 
R1 = 0.0264 
wR2 = 0.0534 
R indices (all 
data) 
R1 = 0.0366  
wR2 = 0.0675 
R1 = 0.0337  
wR2 = 0.0578 
R1 = 0.0336, 
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